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SEMICONDUCTOR DEVICE PERFORMING
BURST ORDER CONTROL AND DATA BUS
INVERSION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device,
and more particularly to a semiconductor device that per-
forms burst order control (BOC) and data bus inversion
(DBI). The present invention also relates to a data processing
system 1ncluding such a semiconductor device.

2. Description of Related Art

DDR3, the dominant standard of dynamic random access
memory (DRAM), and the next-generation standard DDR4
use a technology called BOC for suitable random access. For
example, by BOC with a burst length of eight, the output order
of eight bits of read data to be consecutively output from a
data mput/output terminal 1s rearranged according to three
bits of column address Y0, Y1, and Y2 that are input from an
external controller. The external controller can thus take out
the pieces of data stored in memory cells 1 a desired order.
BOC 1s not applied to write data. Japanese Patent Application
Laid-Open No. H06-2903582 discloses an example of BOC.

DDR4 1s expected to include an additional technology
called DBI. According to the DBI technology, e1ght bits (DQ0
to DQ7) of read data to be simultanecously output are all
iverted 11 five or more of the eight bits are “0”. Since “1”
consumes less power than “0” for transmission, DBI can be
employed to reduce power consumption. By DBI, one bit of
DBI data indicating whether eight bits of read data are
inverted 1s output with the eight bits of read data. The DBI
data 1s output through a dedicated terminal (DBI terminal)
which 1s provided separate from data input/output terminals
for outputting the read data. DBI 1s also applied to write data.
At the time of writing, the DRAM performs internal process-
ing for restoring inverted bits based on DBI data input from
the controller. U.S. Pat. No. 7,405,981 discloses a general
example of DBI different from that of the DDR4 specifica-
tions.

A DDR4 DRAM 1includes a BOC circuit and a DBI circuit
for implementing the foregoing BOC and DBI, respectively.
At the time of reading, 64 bits of read data read from the
memory array are imitially supplied to the DBI circuit through
a read/write bus RWBUS ARAY which includes 64 bus
lines. The DBI circuit inverts the supplied 64 bits of read data
when needed, and outputs the resultant to the BOC circuit
with additional eight bits of DBI data. The BOC circuit rear-
ranges the output order of a total of 72 bits of data, including,
the 64 bits of read data and the eight bits of DBI data, accord-
ing to the column address Y0, Y1, and Y2. The BOC circuit
outputs the resultant to a data input/output circuit through a
read/write bus RWBUS_DQ and a read/wrte bus
RWBUS_DBI.

According to such a configuration, the BOC circuit needs
to be provided for each of nine output terminals, including
cight data input/output terminals and the DBI terminal. In
other words, nine BOC circuits are needed. Since the BOC
circuits include a large number of transfer gates, the provision
of as many as nine BOC circuits (the ninth BOC circuit)
increases the circuit area. Also, the higher power consump-
tion also needs a reduction of the BOC circuits.

SUMMARY

In one embodiment, there 1s provided a device that
includes: a plurality of first data lines transmitting a plurality
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2

of first data bits; a plurality of second data lines transmitting
a plurality of second data bits; a plurality of third data lines
transmitting a plurality of third data bits; a BOC circuit con-
verting the first data bits into the second data bits by rearrang-
ing order of the first data bits based on address information; a
DBI circuit converting the second data bits into the third data
bits by performing inversion or non-inversion in logic level of
cach of the second data bits based on a predetermined rule;
and an output circuit outputting the third data bits 1n seral.

In another embodiment, there 1s provided a device that
includes: a memory array outputting first read data; a BOC
circuit rearranging order of the first read data to generate
second read data; a DBI circuit inverting one or ones of the
second read data 1n logic level 1n accordance with a predeter-
mined rule to generate third read data; and a plurality of data
input/output terminals outputting the third read data to out-
side.

In still another embodiment, there 1s provided a data pro-
cessing system according to an aspect of the present invention
includes: a semiconductor device including a plurality of first
data lines that transmait a plurality of sequential first data baits,
respectively, a plurality of second data lines that transmait a
plurality of sequential second data bits, respectively, a plural-
ity of third data lines that transmit a plurality of sequential
third data bits, respectively, a BOC circuit that rearranges
order of the plurality of first data bits supplied from the
plurality of first data lines in accordance with address infor-
mation, and supplies the resultant to the plurality of second
data lines as the plurality of second data bits, and a DBI circuit
that performs mversion or non-inversion of the plurality of
second data bits supplied from the plurality of second data
lines independently of each other 1n accordance with a pre-
determined condition, and supplies the resultant to the plu-
rality of third data lines as the plurality of third data bits; and
a controller that controls the semiconductor device.

In still another embodiment, there 1s provided a device that
includes: a burst order control circuit configured to receive a
first data signal and then a second data signal, each of the first
and second data signals including a plurality of bits, and
output the second data signal and then the first data signal
based on a control signal; and an nversion control circuit
configured to receive the second data signal and then the first
data s1ignal and output the second data signal and then the first
data signal, the bits of one of the second and first data signals
being non-inverted based on a first information and the bits of
the other of the bits of the second and first data signal being
inverted based on a second information, the first and second
information being obtained from the respective bits of the
second and first data signals, the first and second information
being output from the mversion control circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram for explaining an embodi-
ment of the present invention;

FIG. 2A shows 64 bits of read data DQ[63:0] which are
prefetched from memory cells in the memory array 11 shown
in FIG. 1 and supplied to the data bus drwbus_1n[63:0] shown
in FIG. 1 one by one;

FIG. 2B 1s a diagram showing an example of rearrange-
ment by the BOC circuit 17 shown in FIG. 1;

FIG. 3A shows a specific example of read data DQ[63:0]
supplied to the DBI circuit 18 shown 1n FIG. 1;

FIG. 3B shows the state after the inversion of the read data
DQ[63:0] shown in FIG. 3A by the DBI circuit 18 shown 1n
FIG. 1;
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FIG. 4 1s a block diagram showing the configuration of a
semiconductor device 1 according to the preferred embodi-

ment of the present invention;

FI1G. 5 1s a plan view of the semiconductor device 1 shown
in FIG. 4;

FIG. 6 1s a block diagram showing the internal configura-
tion of apart of the central control circuit 2 shown 1n FIG. 5;

FI1G. 7 1s a circuit diagram of the RWBUS control circuit 16
shown 1n FIG. 6;

FIG. 8 1s a circuit diagram of the BOC circuit 17-0 shown
in FIG. 6;

FI1G. 9 1s a circuit diagram of the circuit that generates the
address informationY00,Y01,Y10, andY11 shown in FIG. 8;

FIG. 10 1s a circuit diagram of the select circuit 17-0][0]
shown 1n FIG. 8:

FI1G. 11 1s a circuit diagram of the DBI circuit 18 shown in
FIG. 6;

FI1G. 12 1s an operation wavetorm chart of the semiconduc-
tor device 1 shown 1n FIG. 4 at the time of reading;;

FI1G. 13 1s a diagram showing a semiconductor device 200
according to the comparative example; and

FIG. 14 1s a block diagram showing the configuration of a
data processing system 800 that uses the semiconductor
device 10 of the present embodiments.

DETAILED DESCRIPTION OF TH
EMBODIMENTS

(L]

An embodiment of the present invention will be described
below. It will be understood that what the present invention
claims are not limited to such an embodiment. Specifically, a
semiconductor device according to the embodiment of the
present invention includes: a plurality of first data lines (drw-
bus_in) that transmait a plurality of sequential (ordered) first
data bits (64 bits of read data prefetched from a memory cell),
respectively; a plurality of second data lines (drwbus_out)
that transmit a plurality of sequential second data bits, respec-
tively; a plurality of third data lines (RWBUS_DQ) that trans-
mit a plurality of sequential third data bits, respectively; and
a plurality of fourth data lines (RWBUS_DBI) that transmit a
plurality of sequential fourth data bits, respectively. The
semiconductor device according to the embodiment of the
present mvention further includes: a BOC circuit that rear-
ranges order of the plurality of first data bits (read data DQ)
supplied from the plurality of first data lines 1n accordance
with address information, and supplies the resultant to the
plurality of second data lines as the plurality of second data
bits; and a DBI circuit that inverts the plurality of second data
bits supplied from the plurality of second data lines 1n accor-
dance with a predetermined condition, supplies the resultant
to the plurality of third data lines as the plurality of third data
bits, generates determination bits (DBI data) indicating infor-
mation of the mversion (information indicating whether bits
are mverted or not), and supplies the determination bits to the
plurality of fourth data lines as the plurality of fourth data bits.
Since the DBI data 1s not passed through a BOC circuit, the
number ol BOC circuits can be reduced accordingly. Specifi-
cally, eight BOC circuits are enough. This can reduce the
circuit area and power consumption.

Referring now to FI1G. 1, a semiconductor device 1 accord-
ing to the embodiment of the present invention includes a
memory array 11, a BOC circuit 17, a DBI circuit 18, and an
input/output circuit 19. As shown 1n the diagram, the BOC
circuit 17 includes two mput/output nodes 17a and 175. The
DBI circuit 18 includes three input/output nodes 18a to 18¢.
In the following description, expressions z[x:0] and z[y] may

be used. The former expression represents that there are
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4

(x+1), or Oth to xth, components z. The latter represents the
yth component among a plurality of components z.

The memory array 11 1s connected to the input/output node
17a of the BOC circuit 17 through 64 lines of a data bus
drwbus_in|63:0] (first data lines). The mput/output node 175
of the BOC circuit 17 and the mput/output node 18a of the
DBI circuit 18 are connected to each other through 64 lines of
a data bus drwbus_out[63:0] (second data lines). The mput/
output node 185 of the DBI circuit 18 1s connected to the
input/output circuit 19 through 64 lines of a read/write bus
RWBUS_DQ[63:0] (third data lines). The mput/output node
18¢ of the DBI circuit 18 1s connected to the input/output
circuit 19 through eight lmnes of a read/write bus
RWBUS_DBI[7:0] ({ourth data lines). The input/output cir-
cuit 19 1s connected to an external controller through eight
data input/output terminals 54[7:0] (DQO0 to DQ7) and a DBI
terminal 55. Note that the data bus drwbus_out (second data
lines) 1s shorter than the data bus drwbus_1in (first data lines).
The data bus drwbus_out (second data lines) 1s also shorter
than RWBUS_DQ (third data lines). In other words, the BOC
circuit 17 and the DBI circuit 18 are juxtaposed to efficiently
process the large number of relevant signal lines. Details are
shown 1n FIG. 3 to be seen later.

Hereinaftter, a description will be given of the case of read-
ing data from the memory array 11 (at the time of reading). As
shown 1n FIG. 2A, eight sequential bits (for example, 0 to 7)
ol the 64-bit read data DQ[63:0] are output 1n the output order
(n) from each of the eight data input/output terminals 54[7:0]
(DQO to DQ7). The eight sequential bits are referred to as
burst data. Meanwhile, eight parallel bits (for example, 0, 8,
16, 24, 32, 40, 48, and 56) corresponding to the eight data
input/output terminals 34[7:0] (DQO to D(Q7) are output 1n
cach order (n) of output. The eight parallel bits represent the
I/O width. The same holds for FIGS. 2B, 3A, and 3B to be
seen later. The 64 bits of read data DQ[63:0] are thus com-
posed of a matrix of a plurality of bits expressed by the output
order (n) representing the time axis and the I/O width for
simultaneous output. In FIG. 2A, a piece of read data DQ) that
1s the nth output from the mth data mput/output terminal
54[m] 1s referred to as read data DQ[8m+n]. Here, m and n
both are an integer of 0 to 7. The read data DQ[8m+n] 1s
prefetched from the memory array 11 and then supplied to the
BOC circuit 17 through the data bus drwbus_in|8m+n].

The BOC circuit 17 1s a circuit that rearranges the order
(output order) of the pieces of read data DQ|[63:0] in accor-
dance with designations from the external controller. The
BOC circuit 17 1s provided for each data iput/output termi-
nal 54, and has no function of switching the data input/output
terminals 54 to output.

In the example shown 1n FIG. 2B, n=0, 1, 2, 3,4, 3, 6, and
7 correspondtok=7,4,35,6,3,0, 1, and 2, respectively, where
k 1s the output order before rearrangement. The rearranged
read data DQ[8m+n] (=the read data DQ[8m+k] before rear-
rangement) 1s supplied to the DBI circuit 18 through the data
bus drwbus_out|8m+n].

The DBI circuit 18 1s a circuit that inverts the pieces of read
data DQ[63:0] supplied from the data bus drwbus_out[63:0]
in accordance with a predetermined condition. The 1mnversion
1s processed 1n units of eight parallel bits (column by column
of burst data). Specifically, the following processing 1s per-
formed at each value of the output order n (D0 to D7). The
DBI circuit 18 mmitially acquires eight bits of read data
DQ[8-0+n] to DQ[8-7+n] supplied from the data bus drwbu-
s_out[8:0+n] to drwbus_out|[8-7+n]. If five or more of the bits
are “0”, the DBI circuit 18 inverts all the eight bits of acquired
read data. The data inversion and non-inversion are controlled
for each value of the output order n (D0 to D7) independently.
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In the example shown 1n FIG. 3 A, the number of pieces of
read data having a value of “0” among eight pieces of read
data DQ[8-0+n] to DQ[8-7+n] corresponding to n increases
by one, starting at zero, with each increase of n by one,
starting at zero. In such an example, the number of pieces of
read data having a value of “0” 1s five or more when nz3.

As shown 1n FIG. 3B, the DBI circuit 18 inverts the read
data when nz5 because the number of pieces of read data
having a value o1 “0” 1s five or more when nz=5. Consequently,
the number of pieces of read data having a value of “0” 1s
smaller than or equal to the half (four) for any n.

The DBI circuit 18 also has the function of generating
determination bits (DBI data DBI[7:0]) that indicate infor-
mation of the mversion (information indicating whether bits
are mverted or not). The DBI data DBI 1s generated for each
value of the output order n. As shown 1 FIG. 3B, specific
values of the DBI data DBI[7:0] are suitably “1” for n where
the read data 1s inverted, and “0” for n where the read data 1s
not inverted.

The read data DQ[8m+n] passed through the DBI circuit 18
1s supplied to the read/write bus RWBUS_DQ[8m+n]. The
DBI circuit 18 also outputs the generated DBI data DBI [n] to
the respective lines of the read/write bus RWBUS_DBI|[n].

The input/output circuit 19 1s a circuit that assigns ei1ght bits
(n=0 to 7) of read data DQ[8 m+n] to each of the eight data
input/output terminals 54 [m] (m=0 to 7), and outputs the read
data DQ[8m+n] to outside from n=0 to n=7 1n succession
(burst output) through the assigned data input/output terminal
54. The output 1s conducted in synchronization between the
assigned data mput/output terminals 54. The input/output
circuit 19 also has the function of outputting the DBI data
DBI[n] from the DBI terminal 55 to outside in synchroniza-
tion with the output of the read data DQ[8m+n].

As described above, the semiconductor device 1 includes
the DBI circuit 18 between the BOC circuit 17 and the input/
output circuit 19. Since no DBI data passes through the BOC
circuit 17, the semiconductor device 1 does not have to
include a BOC circuit 17 for rearranging the order of the DBI
data. This can reduce the circuit area and power consumption
as compared to the prior art where a BOC circuit 1s provided
to rearrange the order of DBI data.

Hereinatter, a preferred embodiment of the present inven-
tion will be described in detail with reference to the accom-
panying drawings.

Turning to FIG. 4, the semiconductor device 1 according to
the present embodiment 1s a DDR4 SDRAM. The semicon-
ductor device 1 has external terminals including clock termi-
nals 51a and 515, command terminals 52, an address terminal
53, data mput/output terminals 54, a DBI terminal 55, a data
strobe terminal 56, and power supply terminals 57.

The clock terminals 51a and 515 are terminals to which
external clock signals CK and /CK are supplied, respectively.
The supplied external clock signals CK and /CK are supplied
to a timing generation circuit 61 and a DLL circuit 62 through
an input circuit 60. As employed herein, a signal having a
signal name with a leading ““/” 1s either the inverted signal of
the corresponding signal or a low-active signal. The external
clock signals CK and /CK are therefore complementary to
cach other. The timing generation circuit 61 generates a
single-phase internal clock signal ICLK based on the external
clock signals CK and /CK, and supplies the internal clock
signal ICLK to circuits 1n the semiconductor device 1.

The DLL circuit 62 1s a clock generation circuit that
receives the external clock signals CK and /CK and generates
an internal clock signal LCLKOET which 1s phase-controlled
with respect to the external clock signals CK and /CK and 1s
duty-controlled. The generated internal clock signal
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LCLKOET 1s supplied to a control circuit 30 and input/output
circuits 19 and 86 to be described later.

The command terminals 52 are terminals to which various
types of command signals CMD are supplied, including a row
address strobe signal /RAS, a column address strobe
signal /CAS, a write enable signal /WE, a chip select
signal /CS, and an on-die termination signal ODT. The com-
mand signals CMD are supplied to a command decoder 64
through an input latch circuit 63.

The command decoder 64 is a circuit that generates various
types of internal commands from the input command signals
CMD and supplies the internal commands to circuits 1n the
semiconductor device 1. The various types of internal com-
mands to be generated include the following: a read command
READ which provides an instruction to enter a read mode; a
write command WRITE which provides an instruction to
enter a write mode; an on-die termination command ODT
which 1ndicates whether on-die termination 1s ON or OFF; a
control command CYCLKT (Read) which controls the opera-
tion of column switches 12 at the time of reading; a control
command CYCLKT(Write) which controls the operation of
the column switches 12 at the time of writing; a control
command DRCLKT which controls the operation timing of a
RWBUS control circuit 16, a BOC circuit 17, a DBI circuit
18, the mput/output circuit 19, and the like at the time of
reading; and a control command DWCLK'T which controls
the operation timing of the RWBUS control circuit 16, a
switch 20, the DBI circuit 18, the input/output circuit 19, and
the like at the time of writing.

The address terminal 53 1s a terminal to which an address
signal ADD 1s supplied. The supplied address signal ADD 1s
supplied to a latch circuit 66 through an input latch circuit 65.
The address signal ADD includes a row address X0 to X11, a
column address YO to Y9 and Y11, and a bank address BA.
The latch circuit 66 latches the address signal ADD supplied
to the mput latch circuit 65. The latch circuit 66 supplies the
row address X0 to X11 and the bank address BA to a relief
circuit 73, and the column address YO to Y9 and Y11 and the
bank address BA to arelief circuit 71. The latch circuit 66 also
supplies the bank address BA and the column address Y0, Y1,
and Y2 to the control circuit 30 to be described later.

In case the semiconductor device 1 1s 1n mode register
setting, the address signal ADD 1nput from the external con-
troller 1s supplied to a mode register 69. The content stored 1n
the mode register 69 1s thereby updated. The information
stored 1n the mode register 69 includes an operation mode
signal PBX8B which pertains to the number of data iput/
output terminals 54 to use. The number of data input/output
terminals 54 to use, indicated by the operation mode signal
PBX8B, 1s etther four (x4 operation) or eight (x8 operation).
The operation mode signal PBX8B 1s extracted by the control
circuit 30 to be described later.

The row address and the column address are addresses for
determining memory cells to access by 1dentitying a word
line WL and bit lines BL 1n the memory array 11, respectively.
As will be described later, the memory array 11 1s divided and
arranged 1n 16 banks. The bank address BA 1s an address for
identifving any one of the banks. The memory array 11
includes a plurality of word lines WL and a plurality of bat
lines BL which intersect each other. Memory cells MC are
arranged at the mtersections (FIG. 4 shows only one of the
word lines WL, one o the bit lines BL, and one of the memory
cells MC). The bit lines BL are connected to corresponding
sense amplifiers SA 1n a sense circuit 81.

The relief circuit 73 stores row addresses corresponding to
defective word lines WL and row addresses corresponding to
redundant word lines WL being replacements for the defec-
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tive word lines WL 1n association with each other for each
bank address BA. The relief circuit 73 stores such addresses
by using antifuse elements or fuse elements.

An X system control circuit 72 instructs the relief circuit 73
to output a row address 1n response to the activation of the
read command READ or the write command WRITE.
Receiving the instruction, the relief circuit 73 outputs the row
address supplied from the latch circuit 66 to a row decoder (X
decoder) 80 corresponding to the bank address BA supplied
from the latch circuit 66 1n principle. However, 1n case the row
address supplied from the latch circuit 66 1s one stored as a
row address corresponding to a defective word line WL, the
reliet circuit 73 outputs a row address corresponding to the
replacing redundant word line WL to the row decoder 80
instead of the supplied row address. Based on the row address
input thus, the row decoder 80 selects one of the word lines
WL 1ncluded 1n the memory array 11. The cell capacitors of
the memory cells MC connected to the selected word line WL
are connected to the bit lines BL.

The relief circuit 71 stores column address corresponding
to defective bit lines BL and column addresses corresponding,
to redundant bit lines BL being replacements for the defective
bit lines BL 1n association with each other for each bank
address BA. Again, the relief circuit 71 stores such addresses
by using antifuse elements or fuse elements.

AY system control circuit 70 instructs the relief circuit 71
to output a column address 1n response to the activation of the
read command READ or the write command WRITE.
Receiving the instruction, the relief circuit 71 outputs the
column address supplied from the latch circuit 66 to a column
decoder (Y decoder) 82 corresponding to the bank address
BA supplied from the latch circuit 66 1n principle. However,
in case the column address supplied from the latch circuit 66
1s one stored as a column address corresponding to a defective
bit line BL, the relietf circuit 71 outputs a column address
corresponding to the replacing redundant bit line BL to the
column decoder 82 instead of the supplied column address.
Based on the column address input thus, the column decoder
82 generates a column select signal (s1gnal for selecting some
of the bit lines BL included in the memory array 11) and
outputs the column select signal to the column switches 12 1n
the column decoder 82. The column switches 12 connect the
bit lines BL selected by the mput column select signal to
complementary main I/O lines MIOT/B. The sense amplifiers
SA corresponding to the selected bit lines BL are connected to
main amplifiers 13 1n a main amplifier circuit 84 through the
complementary main I/O lines MIOT/B.

The semiconductor device 1 also includes a refresh counter
74. The refresh counter 74 1s a circuit that automatically
generates a row address. In a refresh operation, the row
address generated by the refresh counter 1s supplied to the
reliet circuit 73, and a refresh operation 1s performed on the
memory cells MC that are 1dentified by the row address.

The data mput/output terminals 54 are terminals for out-
putting read data DQ and inputting write data DQ. The semi-
conductor device 1 includes eight data input/output terminals
54[7:0]. For a x8 operation, the semiconductor device 1 uses
all the eight data input/output terminals 54[7:0] to simulta-
neously mput or output eight bits of data. For a x4 operation,
the semiconductor device 1 uses only the four data mnput/
output terminals 34[3:0] to simultaneously mmput or output
four bits of data.

The DBI terminal 535 1s a terminal for outputting and input-
ting DBI data. The DBI terminal 55 1s configured so that a
single bit can be mput/output at a time.

The transfer path of the read data DQ from the memory
array 11 to the data mput/output terminals 34 includes, 1n
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order from the side of the memory array 11, the following: the
sense circuit 81, the column decoder 82, the main amplifier
circuit 84, an intermediate bufter 15, the RWBUS control
circuit 16, the BOC circuit 17, the DBI circuit 18, and the
input/output circuit 19. The transier path of the write data D(Q)
from the data input/output terminals 54 to the memory array
11 includes, 1n order from the side of the data input/output
terminals 54, the following: the mput/output circuit 19, the
DBI circuit 18, the switch 20, the RWBUS control circuit 16,

the intermediate butfer 15, the main amplifier circuit 84, the
column decoder 82, and the sense amplifier 81.

The timing for the mnput/output circuit 19 to tetch the write
data DQ from the data input/output terminals 34 1s controlled
by complementary data strobe signals DQS and /DQS which
are supplied from the data strobe terminal 56 through the
input/output circuit 86. At the time of reading, the mput/
output circuit 86 generates the complementary data strobe
signals DQS and /DQS, which serve as the reference of opera-

tion for data output, and outputs the complementary data
strobe signals DQS and /DQS to outside through the data

strobe terminal 56.

The control circuit 30 1s a circuit that receives the read
command RFEAD, the write command WRITE, the on-die
termination command ODT, the control command CYCLKT
(Read), the control command CYCLKT (Write), the control
command DRCLKT, and the control command DWCLKT
from the command decoder 64, the bank address BA and the
column address Y0, Y1, and Y2 from the latch circuit 66, and
the operation mode signal PBX8B from the mode register 69.
Based on such commands and signals, the control circuit 30
controls the operation of the column switches 12, the
RWBUS control circuit 16, the BOC circuit 17, the DBI

circuit 18, and the input/output circuit 19.

As for the column switches 12, the control circuit 30 acti-
vates column switches 12 that are included in the bank
selected by the bank address BA among the 16 banks, and
deactivates the other column switches 12. As a result, only the
memory array 11 of the bank selected by the bank address BA
1s connected to a read/write bus RWBUS ARAY to be
described later. At the time of reading, the control circuit 30
controls the operating timing of the column switches 12
according to the control command CYCLKT(Read). At the
time of writing, the control circuit 30 controls the operation
timing of the column switches 12 according to the control
command CYCLKT(Write).

The control unit 30 controls the operation of the foregoing
circuits other than the column switches 12 by generating the
tollowing signals: The control circuit 30 activates either one
of a left bank activation signal BA_le and a right bank acti-
vation signal BA_r1 1n accordance with the bank address BA.
The control circuit 30 also generates a write control clock
signal DWCLK based on the control command DWCLKT,
and generates a read control clock signal DRCLK based on
the control command DRCLK'T. The control circuit 30 acti-
vates a write control signal W 1n response to the activation of
the write command WRITE, and activates a read control
signal RD 1n response to the activation of the read command
READ. The control circuit 30 activates a DBI enable signal
DBI_en 11 the operation mode signal PBX8B indicates a “x8
operation,” and deactivates the DBI enable signal DBI_en 1f
the operation mode signal PBX8B 1ndicates a “x4 operation.”
The signals will be detailed 1n detail later.

The power supply terminals 37 are terminals to which
external power supply voltages VDD and VSS are supplied.
An 1nternal voltage generation circuit 90 generates various
types of internal voltages based on the external power supply
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voltages VDD and VSS, and supplies the internal voltages to
the circuits 1n the semiconductor device 1.

The overall configuration of the semiconductor device 1
according to the present embodiment has been described so
far. Next, the planar arrangement of the circuits constituting
the semiconductor device 1 will be described.

Turning to FI1G. 3, the semiconductor device 1 includes 16
banks that include respective memory arrays 11-0 to 11-15
shown 1n the diagram. The memory arrays 11-0 to 11-15 each
include two portions, 1.e., one (first memory array) arranged
closer to one end (upper 1n the diagram ) of the semiconductor
device 1 1n a y direction (second direction) and one (second
memory array) arranged closer to the other end (lower 1n the
diagram) of the semiconductor device 1 1n the y direction. The
upper and lower portions are arranged 1n respective rows 1n a
bank order from one end (left 1n the diagram) to the other end
(right 1n the diagram) of the semiconductor device 1 1n an X
direction.

A wiring area AA for arranging various circuits and wiring
1s provided between the portions of the memory arrays
arranged to the bottom 1n the diagram and those of the
memory arrays arranged to the top 1n the diagram. The wiring,
area AA 1ncludes: main amplifiers 13-0 to 13-15 for the
respective memory arrays; a central control circuit 2 includ-
ing the BOC circuit 17 (FIG. 4); an mput circuit 3 including
the command decoder 64 (F1G. 4); the eight data input/output
terminals 34 corresponding to DQO to DQ7, respectively; and
the DBI terminal 55.

The main amplifiers 13-0 to 13-15 are main amplifiers
corresponding to the memory arrays 11-0 to 11-15, respec-
tively. The main amplifiers 13-0 to 13-15 are also divided and
arranged to the top and bottom 1n the diagram so as to corre-
spond to the portions of the memory arrays. The main ampli-
fiers 13-0 to 13-15 are connected to the corresponding
memory arrays 11-0 to 11-15 through 64 main I/O lines
MIOT/B (32 upper lines and 32 lower lines 1 the diagram)
cach.

The central control circuit 2 i1s arranged near the center of
the wiring area AA. The central control circuit 2 includes the
RWBUS control circuit 16, the BOC circuit 17, the DBI
circuit 18, and the control circuit 30 shown in FIG. 4. The
RWBUS control circuit 16 1s connected to the main amplifiers
13-0 to 13-15 through 64 lines of a read/write bus
RWBUS_ARAY.

The read/write bus RWBUS ARAY includes 64 lines of a
left read/write bus RWBUS_ARAY _le (fifth data lines) and
64 lines of a right read/write bus RWBUS_ARAY _n1 (sixth
data lines). The 64 lines of the left read/write bus RWBUS_A-
RAY _le include portions extending straight from the central
control circuit 2 to one end (left in the diagram) of the semi-
conductor device 1 1n the x direction (first direction), and are
connected to the main amplifiers 13-0 to 13-7 on the way.
Similarly, the 64 lines of the right read/write bus RWBUS_A-
RAY 11 include portions extending straight from the central
control circuit 2 to the other one end (right 1n the diagram) of
the semiconductor device 1 1n the x direction, and are con-
nected to the main amplifiers 13-8 to 13-15 on the way. The
main amplifiers are thus connected with the common read/
write bus RWBUS_ARAY. Since the memory arrays 11 other
than that selected by the bank address BA are disconnected
from the read/write bus RWBUS_ARAY by the control cir-
cuit 30 as described above, the number of main amplifiers
simultaneously connected to the RWBUS control circuit 16 1s
one.

The 64 lines of the left read/write bus RWBUS ARAY le
cach include an intermediate butier 15 between the portion
where the main amplifier 13-4 1s connected and the portion
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where the main amplifier 13-5 1s connected. Similarly, the
lines of the rnight read/write bus RWBUS_ARAY 11 each

include an mtermediate builfer 15 between the portion where
the main amplifier 13-11 1s connected and the portion where

il

the main amplifier 13-12 1s connected. The intermediate buil-
ers 15 are provided for the purpose of preventing the signals

from attenuation during passage through the read/write bus
RWBUS_ARAY.

The input circuit 3 1s arranged closer to one end (left 1n the
diagram) of the semiconductor device 1 in the x direction as
seen from the central control circuit 2. Although not explicitly
shown 1 FIG. 5, a group of first pads including a group of
address pads connected to the address terminal 33 and a group
of command pads connected to the command terminals 52 1s
arranged near the mput circuit 3 1n the wiring area AA. The
input circuit 3 includes the mput latch circuit 635 and the latch
circuit 66 shown 1n FIG. 4. As shown in FIG. §, the mput
circuit 3 functions to supply the bank address BA, the column
address Y0, Y1, and Y2, and the like to the central control
circuit 2.

The e1ght data mput/output terminals 34 and the DBI ter-
minal 535 are arranged closer to the other end (right 1n the
diagram) of the semiconductor device 1 in the x direction as
seen from the central control circuit 2. Although not explicitly
shown 1n FIG. §, portions of the input/output circuit 19 shown
in FIG. 4 corresponding to the data input/output terminals 54
and the DBI terminal 55 are arranged near the respective
terminals. A group of second pads including groups of DQ
pads respectively connected to the data input/output terminals
54 and the DBI terminal 55 1s also arranged near the termi-
nals. The data imput/output terminals 54 are connected to the
DBI circuit 18 in the central control circuit 2 through eight
lines of the read/write bus RWBUS_DQ each. The DBI ter-
minal 55 1s connected to the DBI circuit 18 in the central
control circuit 2 through the eight lines of the read/write bus
RWBUS_DBI.

Turming to FI1G. 6, the left bank activation signal BA_le, the
right bank activation signal BA_ri1, the write control clock
signal DWCLK, the read control clock signal DRCLK, the
write control signal WT, the read control signal RD, and the
DBI enable signal DBI_en are signals generated by the con-
trol circuit 30 as described above.

The RWBUS control circuit 16 has an input/output node
16a which 1s connected to the 64 lines of the data bus drw-
bus_in. The left bank activation signal BA_le, the right bank
activation signal BA_n, the write control clock signal
DWCLK, and the read control clock signal DRCLK are sup-
plied from the control circuit 30 to the RWBUS control circuit
16. The RWBUS control circuit 16 1s a circuit (multiplexer)
that connects the 64 lines of the data bus drwbus in with
either the 64 lines of the left read/write bus RWBUS A-
RAY le or the 64 lines of the nght read/write bus
RWBUS_ARAY _ri1 based on the signals supplied from the
control circuit 30.

As shown 1in FIG. 7, the RWBUS control circuit 16
includes a select circuit 165 which 1s arranged between the
input/output node 16a and the left read/write bus RWBUS_A-
RAY _le, and a select circuit 16¢ which 1s arranged between
the mput/output node 16a and the rnight read/write bus
RWBUS_ARAY_r1. Although not explicitly shown in the

diagram, the select circuit 165 1s provided for each of the 64
lines of the left read/write bus RWBUS ARAY le. The select

circuit 16c¢ 1s provided for each of the 64 lines of the right
read/write bus RWBUS ARAY 1.
As shown 1n FIG. 7, the select circuit 165 includes inverter

circuits 1001e and 1011e and NAND circuits 1021¢ and
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1031e. Similarly, the select circuit 16¢ includes mverter cir-
cuits 1007; and 10177 and NAND circuits 102#; and 1037

The write control clock signal DWCLK 1s supplied to the
NAND circuits 1021e and 102#i. The read control clock sig-
nal DRCLK 1s supplied to the NAND circuits 1031e and
1037i. The left bank activation signal BA_le 1s supplied to the
NAND circuits 1021e and 1031e. The right bank activation
signal BA_r1 1s supplied to the NAND circuits 1027 and
1037i. The output signals of the NAND circuits 1021e, 10271,

1031e, and 1037 are mverted and supplied to the inverter
circuits 1001e, 10077, 1011e, and 10177, respectively.

The output terminal of the mverter circuit 1001e and the
input terminal of the inverter circuit 1011e are connected 1n
common to the corresponding line of the left read/write bus
RWBUS_ARAY _le. The input terminal of the inverter circuit
1001¢ and the output terminal of the inverter circuit 1011e are
connected 1n common to the corresponding line of the data
bus drwbus_in. Similarly, the output terminal of the inverter
circuit 1007 and the mnput terminal of the mverter circuit
10177 are connected 1n common to the corresponding line of
the right read/write bus RWBUS_ARAY _r1. The imnput termi-
nal of the mverter circuit 1007 and the output terminal of the
inverter circuit 10177 are connected 1n common to the corre-
sponding line of the data bus drwbus_1n.

With such a configuration, either one of the left read/write
bus RWBUS_ARAY le and the nght read/write bus
RWBUS_ARAY _r1 corresponding to the memory array 11
selected by the bank address BA 1s connected to the data bus
drwbus_in through the inverter circuits 1001e or 1007 at the
time of writing, and through the verter circuits 1011e or
1017i at the time of reading. The memory array 11 selected by
the bank address BA 1s thereby connected to the 64 lines of the
data bus drwbus_1n.

Return to FIG. 6. The BOC circuit 17 includes eight BOC
circuits 17-0 to 17-7, which are each connected with eight
lines of the data bus drwbus_1n and eight lines of the data bus
drwbus_out. Specifically, the BOC circuit 17-0 1s connected
with the data bus drwbus_1n|[7:0] and the data bus drwbus_out
[7:0]. The BOC circuit 17-1 1s connected with the data bus
drwbus_1n|[15:8] and the data bus drwbus_out[15:8]. The
same holds for the other BOC circuits 17-2 to 17-7. The
central control circuit 2 also includes a bypass circuit that

connects the data bus drwbus_1n and the data bus drwbus_out
through the switch 20 instead of the BOC circuit 17.

The column address YO0, Y1, and Y2 and the read control
signal RD are supplied to the BOC circuits 17-0 to 17-7. The
write control signal W'T 1s supplied to the switch 20. The BOC
circuits 17-0 to 17-7 are configured to operate (perform rear-
rangement) only when the read control signal RD 1s activated.
The switch 20 1s configured to operate (pass signals) only
when the write control signal WT 1s activated. As a result, the
BOC circuit 17 becomes active only at the time of reading. At
the time of writing, the write data 1s passed through the bypass
circuit via the switch 20, skipping the BOC circuit 17.

Turning to FIG. 8, although not shown 1n the diagram, the
BOC circuits 17-1 to 17-7 have the same configuration as the
described BOC circuits 17-0.

As shown 1n FIG. 8, the BOC circuit 17-0 includes eight
select circuits 17-0[7:0]. The select circuits 17-0[7:0] are
cach connected with all the eight lines of the data bus drw-
bus_in[7:0] and a corresponding line of the data bus drwbu-
s_out [7:0]. The select circuits 17-0]7:0] each have the func-
tion of selecting any one of the eight lines of the data bus
drwbus_in|7:0] according to the column address Y0, Y1, and
Y2, and connecting the selected line to the corresponding data

bus drwbus_out[7:0].
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A detailed description will be given below with a focus on
the select circuit 17-0]0]. As shown 1n FIG. 8, the select

circuit 17-0[0] 1s supplied with the column address Y2 and

address information Y00, Y01, Y10, and Y11. The address
informationY00,Y01,Y10, and Y11 1s information generated
inside the BOC circuit 17 based on the column address Y0 and
Y1 supplied from the control circuit 30 (FIG. 4).

As shown 1n FIG. 9, the BOC circuit 17 includes NAND
circuits 110 to 113. The column address Y0 and Y1 1s supplied

to the NAND circuit 110. The column address YO0 and the
inverted signal of the column address Y1 are supplied to the

NAND circuit 111. The inverted signal of the column address

YO0 and the column address Y1 are supplied to the NAND
circuit 112. The mverted signals of the respective column
address Y0 and Y1 are supplied to the NAND circuit 113.
With such a configuration, the pieces of address information
Y00, Y01, Y10, and Y11 become “0” when the combination
of the column address Y0 and Y1 1s (1,1), (1,0), (0,1), and
(0,0), respectively, and “1” 1n the other cases.

Return to the description of the select circuit 17-0[0]. As
shown 1n FI1G. 10, select signals sel0 to sel3 are supplied to the
select circuit 17-0[0]. The select signals sel0 to sel3 are sig-
nals generated by a not-shown circuit 1n the select circuit
17-0[0]. The combinations of the values of the select signals
sel0 to sel3 are determined 1n advance 1n association with the
combinations of the values of the address information Y00,
YO01,Y10, and Y11 on a one-to-one basis. Table 1 shows an
example of the associations. For example, when the address
information Y00, Y01, Y10, and Y11 15 (0,1,1,1), the select
signals sel0 to sel3 are (1,1,1,0). The select circuits 17-0]7:0]
cach store associations like Table 1. The select circuits 17-0
[7:0] read the select signals sel0 to sel3 associated with the
input address information Y00, Y01, Y10, and Y11, and use
the select signals sel0 to sel3 for the processing to be
described below.

TABLE 1
Y00 YO1 Y10 Y11 sel0 sell sel? sel3
0 | 1 1 1 1 | 0
‘ 0 1 1 1 1 0 ‘
. 0 , . 0 .
0 0
0 0
0 0
| 0 0 |
1 1 0 0 1 1

As shown 1n FIG. 10, the select circuit 17-0[0] includes
transier gates 120[7:0], 123, and 124, and inverter circuits
121, 122, and 125. Each transier gate includes a P-channel
MOS transistor and an N-channel MOS transistor which are
connected 1n parallel.

The select signal sel0 and the inverted signal of the select
signal sel0 are supplied to the gates of the P-channel MOS
transistor and the N-channel MOS transistor constituting the
transier gate 120[0], respectively. The transfer gate 120[0]
thus becomes conducting 1t the select signal sel0 has a logic
level of “0”. The transfer gate 120[0] becomes non-conduct-
ing 11 the select signal sel0 has a logic level of <17,

The same holds for the other transier gates 120. In sum-
mary, the transter gates 120[1] and 120[5] become conduct-
ing if the select signal sell has a logic level 010, and become
non-conducting 1f “1”. The transier gates 120[2] and 120[6]
become conducting 11 the select signal sell has a logic level of
“0”, and become non-conducting if “1”. The transier gates
120][3] and 120[7] become conducting 11 the select signal sel3
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has a logic level of “0”, and become non-conducting if “1”.
Like the transfer gate 120[0], the transfer gate 120[4]
becomes conducting i1 the select signal sel0 has a logic level
of “0”, and becomes non-conducting 1f “1”.

The input terminals of the transier gates 120[7:0] are con-
nected to the data bus drwbus_in[7:0], respectively. The out-
put terminals of the transfer gates 120[3:0] are connected in
common to the input terminal of the transier gate 123 through
the inverter circuit 121. The output terminals of the transier
gates 120[7:4] are connected in common to the input terminal
of the transter gate 124 through the inverter circuit 122.

As 1llustrated 1in Table 1, the select signals sel0 to sel3 are
configured so that anyone of the select signals sel0 to sel3
becomes “0” while the others are “1”. The mput terminal of
the transfer gate 123 is thus connected with only one of the
lines of the data bus drwbus_in[3:0]. Similarly, the input
terminal of the transier gate 124 1s connected with only one of
the lines of the data bus drwbus_1n|[7:4].

The column address Y2 and the inverted signal Y2B of the

column address Y2 are supplied to the gates of the P-channel
MOS transistor and the N-channel MOS transistor constitut-
ing the transfer gate 123, respectively. Consequently, the
transier gate 123 becomes conducting 1f the column address
Y2 has a logic level of “0”, and becomes non-conducting 1t
“17.

Meanwhile, the mverted signal Y2B of the column address
Y2 and the column address Y2 are supplied to the gates of the
P-channel MOS transistor and the N-channel MOS transistor
constituting the transier gate 124, respectively. Consequently,
the transier gate 124 becomes conducting 1f the column
address Y2 has a logic level of “1”, and becomes non-con-
ducting 1f “0”.

The output terminals of the transter gates 123 and 124 are
connected 1n common to the mput terminal of the mverter
circuit 125. The mverted signal of the read control clock
signal DRCLK 1s supplied to the mverter circuit 125. The
inverter circuit 125 connects the output terminals of the trans-
ter gates 123 and 124 to the data bus drwbus_out[0] at timing
corresponding to the read control clock signal DRCLK.

Suppose, for example, that the address information Y00,
Y01, Y10, and Y11 and the select signals sel0 to sel3 are
associated as shown 1n Table 1. By the foregoing configura-
tion, the data bus drwbus_out[0] 1s connected with the data
bus drwbus_in shown by the following Table 2 depending on
the combination of the column address YO, Y1, and Y2. The
select circuit 17-0[0] can thus connect any one of the eight
lines of the data bus drwbus_1n[7:0] to the data bus drwbu-
s_out[0] 1n accordance with the column address Y0, Y1, and

Y2.
TABLE 2
data bus connecting to
Y2 Y1 YO data bus drwbus__out[0]
1 1 1 drwbus__1n[7]
1 1 0 drwbus__in[6]
1 0 1 drwbus__1n[5]
1 0 0 drwbus__in[4]
0 1 1 drwbus__1n[3]
0 1 0 drwbus__in[2]
0 0 1 drwbus__1n[1]
0 0 0 drwbus__1n[0]

As described above, the select circuit 17-0[0] 1s a circuit
that controls the data to be supplied to the data bus drwbu-
s_out[0]. The other select circuits 17-0[7:1] control the data
to be supplied to the data bus drwbusout [7:1], respectively.

The output order in which the eight bits of read data DQ are
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burst output from the data input/output terminal 54[0] can
thus be rearranged (BOC) 1n accordance with the column
address Y0, Y1, and Y2 by changing the associations of the
select signals sel0 to sel3 with the address information Y00,
Y01,Y10, and Y11 from one to another of the select circuits
17-0[7:0] so that the pieces of data supplied to the data bus
drwbus_out[7:0] do not overlap each other.

Return to FIG. 6. The DBI circuit 18 1s connected to the 64
lines of the data bus drwbus_out[63:0], the 64 lines of the
read/write bus RWBUS_DQ[63:0], and the eight lines of the
read/write bus RWBUS_DBI[7:0]. At the time of reading, the
DBI circuit 18 functions to invert the read data DQ 1nput
through the data bus drwbus_out in accordance with a prede-
termined condition and generate DBI data that indicates
information on the iversion. At the time of writing, the DBI
circuit 18 performs processing for re-inverting and restoring
mverted pieces of write data DQ that 1s input from outside
through the read/write bus RWBUS_DQ), 1n accordance with
DBI data that 1s input from outside through the read/write bus
RWBUS_DBI. A read-related configuration will be described
below.

Turming to FI1G. 6, the DBI circuit 18 includes one internal
circuit for each order of the burst output. FIG. 11 shows only
the internal circuit corresponding to the zeroth output order.
The mternal circuits corresponding to the other output orders
have the same configuration. FIG. 11 only shows the read-
related configuration. A write-related configuration 1s omit-
ted. As has been described with reference to FIG. 2, the read

data corresponding to the zeroth output order includes the
eight pieces of read data DQ[8-0+0] to DQ[8-7+0] (read data

DQI[0] to DQ[36]).

As shown 1n F1G. 11, the DBI circuit 18 includes a majority
circuit 184 and a majority circuit 18e. The majority circuit
184 will mtially be described. The majority circuit 184
includes NAND circuits 130, 132, 134, 136, 174, and 175,
NOR circuits 131, 133, 135, 137, 141, 143, 144, 145, 149,
151, 152, 153, 154, 155, 156, 158, 159, and 160, inverter
circuits 138, 139, 140,142, 146, 146, 148, 150, 157,161, and
OR circuits 170, 171, 172, 173, and 176. The connections of
such circuits will be described below.

The data bus drwbus_out[56] and the data bus drwbus_out
[48] are connected to and the DBI enable signal DBI_en 1s
supplied to the mnput terminals of the NAND circuit 130. The
data bus drwbus_out|[56] and the data bus drwbus_out[48] are
connected to and the inverted signal of the DBI enable signal
DBI_en 1s supplied to the mnput terminals of the NOR circuit
131. The data bus drwbus_out[40] and the data bus drwbu-
s_out[32] are connected to and the DBI enable signal DBI_en
1s supplied to the mput terminals of the NAND circuit 132.
The data bus drwbus_out[40] and the data bus drwbus_out
[32] are connected to and the inverted signal of the DBI
enable signal DBI_en 1s supplied to the input terminals of the
NOR circuit 133. The data bus drwbus_out [24] and the data
bus drwbus_out [16] are connected to and the DBI enable
signal DBI_en 1s supplied to the input terminals of the NAND
circuit 134. The data bus drwbus_out[24] and the data bus
drwbus_out[16] are connected to and the mnverted signal of
the DBI enable signal DBI_en 1s supplied to the mput termi-
nals of the NOR circuit 135. The data bus drwbus_out [8] and
the data bus drwbus_out[0] are connected to and the DBI
enable signal DBI_en 1s supplied to the input terminals of the
NAND circuit 136. The data bus drwbus_out[8] and the data
bus drwbus_out[0] are connected to and the inverted signal of
the DBI enable signal DBI_en 1s supplied to the input termi-
nals of the NOR circuit 137.

The output signal of the NAND circuit 130 1s supplied to
the inverter circuit 138 and the NOR circuits 141 and 143. The
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output signal of the NOR circuit 131 1s supplied to the inverter
circuit 140 and the NOR circuits 144 and 145. The output
signal of the NAND circuit 132 1s supplied to the inverter
circuit 139 and the NOR circuits 141 and 144. The output
signal ofthe NOR circuit 133 1s supplied to the inverter circuit
142 and the NOR circuits 143 and 145. The output signal of
the NAND circuit 134 1s supplied to the mverter circuit 146
and the NOR circuits 149 and 151. The output signal of the
NOR circuit 135 1s supplied to the inverter circuit 148 and the
NOR circuits 152 and 153. The output signal of the NAND
circuit 136 1s supplied to the inverter circuit 147 and the NOR
circuits 149 and 152. The output signal of the NOR circuit 137
1s supplied to the inverter circuit 150 and the NOR circuits
151 and 153.

The output signals of the imnverter circuits 138 and 139 are
supplied to the input terminals of the NOR circuit 154. The
output signals of the mnverter circuits 140 and 142 and the
NOR circuit 141 are supplied to the input terminals of the
NOR circuit 155. The output signals of the NOR circuits 143
and 144 are supplied to the input terminals of the NOR circuit
156. The output signal of the NOR circuit 1435 1s supplied to
the nput terminal of the inverter circuit 157. The output
signals of the mnverter circuits 146 and 147 are supplied to the
input terminals of the NOR circuit 158. The output signals of
the mverter circuits 148 and 150 and the NOR circuit 149 are
supplied to the input terminals of the NOR circuit 159. The
output signals of the NOR circuits 151 and 152 are supplied to
the input terminals of the NOR circuit 160. The output signal
of the NOR circuit 1353 1s supplied to the input terminal of the
inverter circuit 161.

The output signals of the NOR circuit 154 and the inverter
circuit 161 are supplied to the mput terminals of the OR
circuit 170. The output signals of the NOR circuits 155 and
160 are supplied to the mput terminals of the OR circuit 171.
The output signals of the inverter circuit 157 and the NOR
circuit 158 are supplied to the mput terminals of the OR
circuit 172. The output signals of the NOR circuits 156 and
159 are supplied to the mput terminals of the OR circuit 173.

The output signals of the OR circuits 170 and 171 are
supplied to the input terminals of the NAND circuit 174. The
output signals of the OR circuits 172 and 173 are supplied to
the mput terminals of the NAND circuit 175. Finally, the
output signals of the NAND circuits 174 and 175 are supplied
to the input terminal of the OR circuit 176. The output signal
ol the OR circuit 176 constitutes the DBI data DBI[0] corre-
sponding to the zeroth output order.

According to the configuration of the majority circuit 184
described above, the logic level of the DBI data DBI[O]
always becomes “0” 11 the number of pieces of read data D(Q
that have a logic level of “0” among the eight pieces of read
data DQ[8-0+0] to DQ[8-7+0] corresponding to the zeroth
output order 1s greater than or equal to five (more than half).
The logic level of the DBI data DBI[0] always becomes 17" 11
the number 1s smaller than or equal to three (less than half). IT
the number of pieces of read data DQ having a logic level of
“0” 1s four (the exact half), the logic level of the DBI data
DBI[0] may become “0” or “1”. This, however, does not
matter because mverting the read data by DBI causes no
change 1n the number of Os.

Next, the majority circuit 18¢ will be described. As shown
in FIG. 11, the majority circuit 18¢ includes XNOR circuits
180 to 187 and inverter circuits 188 and 190 to 198.

The data bus drwbus_out [8-7] to drwbus_out [8-0] and the
DBI data DBI[0] are supplied to the input terminals of the
XNOR circuits 180 to 187. The DBI data DBIJO] 1s also
supplied to the input terminal of the inverter circuit 188. The
output signals of the XNOR circuits 180 to 187 and the
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inverter circuit 188 are supplied to the inverter circuits 190 to
198, respectively. The output terminals of the inverter circuits
190 to 198 are supplied to the read/write bus RWBUS_DQ)
[8-7] to RWBUS_DQ[8-0] and the read/write bus
RWBUS_DBIJ[O0], respectively.

The inverter circuits 190 to 198 are supplied with the
inverted signal of the read control clock signal DRCLK (not
shown). When the read control clock signal DRCLK 1s acti-
vated, the inverter circuits 190 to 198 output the mmverted
signals of the corresponding XNOR circuits and the inverter
circuit to the respective corresponding lines of the read/write
bus RWBUS_DQ.

With the foregoing configuration, the majority circuit 18e
simply supplies the data on the data bus drwbus_out[8-0+0] to
drwbus_out[8-7+0] to the read/write bus RWBUS_DQ|[8-0]
to RWBUS_DQ[8-7], respectively, if the DBI data DBI [0] 1s
“l1.” On the other hand, if the DBI data DBI[0O] 1s “0,” the
majority circuit 18e inverts the data on the data bus drwbu-
s_out[8-0+0] to drwbus_out[8-7+0] and outputs the resultant
to the read/write bus RWBUS_DQ[8.0] to RWBUS_DQ
[8-7], respectively. As a result, when five or more of the eight
bits (DQO to DQ7) of read data to be simultaneously output
are <07, all the eight bits are inverted (DBI).

The specific configurations and functions of the circuits
shown 1n FIG. 5 have been described so far. Next, the opera-
tion of the semiconductor device 1 will be described with
reference to an operation waveform chart.

FIG. 12 shows an example where two read commands
READ are supplied from outside to the semiconductor device
1 1n succession. The following description will be given also
with reference to FIG. 4.

As shown 1n FIG. 12, when an address signal ADD and a
read command READ are supplied from an external control-
ler, the main amplifiers 13 corresponding to the bank address
BA 1included in the address signal ADD are activated. Read
data DQ[63:0] 1s supplied from the corresponding memory
array 11 to the read/write bus RWBUS_ARAY.

The read data DQ[63:0] 1s supplied to the data bus drw-
bus_in[63:0] through the RWBUS control circuit 16. The
BOC circuit 17 rearranges the output order of the pieces of
read data for each data input/output terminal 54, and outputs
the resultant to the data bus drwbus_out[63:0].

The DBI circuit 18 then converts the read data DQ[63:0] so
that five or more of eight bits (DQO0 to DQ7) of the read data
to be simultaneously output are “1,” and outputs the resultant
to the read write bus RWBUS_DQ[63:0]. The DBI circuit 18
simultaneously generates DBI data DBI[7:0] indicating
whether the read data 1s mverted, and outputs the DBI data
DBI[7:0] to the read/write bus RWBUS_DBI|[7:0].

The read data DQ[63:0] and the DBI data DBI[7:0] thus
output to the respective read/write buses are supplied to the
input/output circuit 19. As shown 1n FIG. 12, the read data
DQ[63:0] and the DBI data DBI[7:0] are burst output from
the corresponding data input/output terminals 54 and DBI
terminal 55 1n units of eight bits 1n synchronization with the
external clock CK after a predetermined read latency (7 1n
the example of FIG. 12).

As has been described above, according to the semicon-
ductor device 1 of the present embodiment, the provision of
the DBI circuit 18 between the BOC circuit 17 and the input/
output circuit 19 eliminates the need for a BOC circuit 17 that
1s intended to rearrange the order of the DBI data.

The advantage of the embodiment of the present invention
will be described in conjunction with the configuration of a
semiconductor device 200 shown in FIG. 13 that the inventor
has studied as a comparative example. FIG. 13 corresponds to
FIG. 6 which shows the semiconductor device 1 according to
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the present embodiment. As shown in FIG. 13, the semicon-
ductor device 200 includes a DBI circuit 202 between a BOC
circuit 203 and an RWBUS control circuit 201. According to
the configuration, as shown in FIG. 13, a data bus drwbus_dbi1
needs to be arranged between the DBI circuit 202 and the
BOC circuit 202, and the BOC circuit 202 needs to include a
ninth BOC circuit 202-8. The DBI circuit 202 generates eight
bits of DBI data corresponding to respective orders of output
(n) from the 64 bits of data on the data bus drwbus_in[63:0].
Since the DBI data also needs to be rearranged by the BOC
circuit 203, the BOC circuit 203 needs to include the ninth
BOC circuit 203-8. The semiconductor device 1 according to
the present embodiment does not need such components. The
presence of the data bus drwbus_db1 and the BOC circuit
203-8 increases the circuit area and power consumption of the
semiconductor device 200 as compared to the semiconductor
device 1.

The semiconductor device 1 according to the present
embodiment thus has a reduced circuit area and power con-
sumption as compared to the semiconductor device 200
according to the comparative example.

Turning to FIG. 14, the data processing system 800
includes a structure in which the following components are
connected to each other via a system bus 810: a data processor
820 (controller); a DRAM 1, which 1s the semiconductor
device 1 of the present embodiment; a storage device 840; an
[/0O device 850; and a ROM 860.

The data processor 820 includes a function of supplying
external clock signals CK and /CK to the DRAM 10, and a
function of recerving an output signal (read data DQ) of the
input/output circuit 19 (FIG. 4) of the DRAM 1 and perform-
ing a process corresponding to the received read data DQ).
More specifically, for example, the following can be used as
the data processor 820: a microprocessor (MPU), a digital
signal processor (DSP), and the like. Incidentally, the data
processor 820 and the DRAM 1 may be connected to each
other by a local bus, not via the system bus 810.

As the storage device 840, a hard disk drive, an optical disc
drive, a flash memory, or the like may be used. As the I/O
device 850, a display device such as a liquid crystal display,
an mput device such as a keyboard and mouse, or the like may
be used. Incidentally, the I/O device 850 may be either an
input device or an output device.

FIG. 14 shows only one system bus 810 for ease of expla-
nation. However, a plurality of system buses 810 may be
provided 1n a serial or parallel manner via a connector or the
like, 1T necessary. The storage device 840, the I/O device 850,
and the ROM 860 are not necessarily essential components.
Furthermore, 1n FI1G. 14, for ease of explanation, there 1s only
one depicted per each type of component. However, the
present invention 1s not limited to the above case. As for one,
two, or more types of component, there may be provided
more than one per type.

It 1s apparent that the present invention 1s not limited to the
above embodiments, but may be modified and changed with-
out departing from the scope and spirit of the invention.

The memory cells according to the present invention may
be volatile, nonvolatile, or a combination of these.

The technical concept of the present invention may be
applied to a semiconductor device that includes a signal trans-
mission circuit. The forms of the circuits 1n the circuit blocks
disclosed 1n the drawings and other circuits for generating the
control signals are not limited to the circuit forms disclosed 1n
the embodiment.

The technical concept of the present mvention can be
applied to various types of semiconductor devices. For
example, the present invention can be applied to a general
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semiconductor device such as a CPU (Central Processing
Unit), an MCU (Micro Control Umnit), a DSP (Digital Signal
Processor), an ASIC (Application Specific Integrated Cir-
cuit), an ASSP (Application Specific Standard Circuit), and a
Memory. An SOC (System on Chip), an MCP (Multi1 Chip
Package) and a POP (Package on Package) and so on are
pointed to as examples of types of semiconductor device to
which the present invention 1s applied. The present invention
can be applied to the semiconductor device that has these
arbitrary product form and package form.

When the transistors are field effect transistors (FETSs),
various FETs are applicable, including MIS (Metal Insulator
Semiconductor) and TFT (Thin Film Transistor) as well as
MOS (Metal Oxide Semiconductor). The device may even
include bipolar transistors.

In addition, an NMOS transistor (N-channel MOS transis-
tor) 1s a representative example of a first conductive transistor,
and a PMOS transistor (P-channel MOS transistor) 1s a rep-
resentative example of a second conductive transistor.

Many combinations and selections of various constituent
clements disclosed 1n this specification can be made within
the scope of the appended claims of the present invention.
That 1s, 1t 1s needles to mention that the present mvention
embraces the entire disclosure of this specification including
the claims, as well as various changes and modifications
which can be made by those skilled in the art based on the
technical concept of the mvention.

The following supplementary notes provide another pos-
sible configurations of the present invention.

A data processing system according to an aspect of the
present invention includes: a semiconductor device including
a plurality of first data lines that transmit a plurality of sequen-
tial first data bits, respectively, a plurality of second data lines
that transmuit a plurality of sequential second data bits, respec-
tively, a plurality of third data lines that transmit a plurality of
sequential third data bits, respectively, a BOC circuit that
rearranges order of the plurality of first data bits supplied
from the plurality of first data lines in accordance with
address information, and supplies the resultant to the plurality
of second data lines as the plurality of second data bits, and a
DBI circuit that performs inversion or non-inversion of the
plurality of second data bits supplied from the plurality of
second data lines independently of each other in accordance
with a predetermined condition, and supplies the resultant to
the plurality of third data lines as the plurality of third data
bits; and a controller that controls the semiconductor device.

The data processing system may be configured such that:
the semiconductor device includes a mode register that stores
an operation mode signal indicating an operation mode; the
DBI circuit performs inversion processing i accordance with
the operation mode 1ndicated by the operation mode signal;
and the controller sets the operation mode signal 1nto the
mode register.

What 1s claimed 1s:

1. A device comprising:

a plurality of first data lines transmitting a plurality of first
data bits;

a plurality of second data lines transmitting a plurality of
second data bits;

a plurality of third data lines transmitting a plurality of third
data bits:

a BOC circuit converting the first data bits into the second
data bits by rearranging order of the first data bits based
on address information:
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a DBI circuit converting the second data bits into the third
data bits by performing inversion or non-inversion in
logic level of each of the second data bits based on a
predetermined rule; and

an output circuit outputting the third data bits 1n serial.

2. The device as claimed 1n claim 1, further comprising a
plurality of fourth data lines transmitting a plurality of fourth
data bits, wherein

the DBI circuit generates the fourth data bits each indicat-
ing whether an associated one of the third data bits 1s
iverted 1n logic level or not, and

the output circuit outputs the fourth data bits 1n sernal.

3. The device as claimed 1n claim 1, further comprising a
bypass circuit connecting the first data lines and the second
data lines 1n response to a write control signal,

wherein the BOC circuit performs the rearranging order of
the first data bits 1n response to a read control signal.

4. The device as claimed 1in claim 1, wherein the DBI circuit
inverts the second data bits to generate the third data bits when
a number of the third data bits to be simultaneously output
having a first logic level 1s greater than a predetermined value.

5. The device as claimed 1in claim 4, wherein the DBI circuit
includes:

amajority circuit activating a DBI signal when a number of
second data bits simultaneously supplied from a part of
the second data lines having the first logic level 1s greater
than the predetermined value; and

an 1version processing circuit mverting the second data
bits 1n logic level to generate the third data bits to be
simultaneously output when the DBI signal 1s activated.

6. The device as claimed 1n claim 4, wherein the predeter-
mined value 1s greater than hali the number of the second data
bits simultaneously supplied from the part of the second data
lines.

7. The device as claimed 1n claim 1, wherein

the BOC circuit includes a plurality of select circuits each
assigned to respective plurality of second data lines, and

cach of the select circuits includes a plurality of transier
gates being coupled between at least a part of the first
data lines and corresponding one of the second data
lines, respectively, each of the select circuits making one
of the plurality of transfer gates conducting and the
others non-conducting in accordance with the address
information.

8. The device as claimed in claim 1, further comprising:

a plurality of memory banks;

first pad electrodes receiving the address information; and

second pad electrodes outputting the third data bits,
wherein

cach of the memory banks includes a first memory array
being arranged closer to one end of the device in a
second direction and a second memory array being
arranged closer to the other end of the device i the
second direction, and

the first and second pad electrodes are arranged 1n a wiring
arca arranged between the first memory array and the
second memory array.

9. The device as claimed 1n claim 8, further comprising a
plurality of fourth data lines transmitting a plurality of fourth
data bits, respectively, wherein

the DBI circuit generates the fourth data bits each indicat-
ing whether an associated one of the third data bits 1s
inverted 1n logic level or not, and

the output circuit outputting the fourth data bits via the
second pad electrodes.
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10. The device as claimed 1n claim 8, further comprising a
central control circuit including the BOC circuit and the DBI
circuit, the central control circuit being arranged in a part of
the wiring area.

11. The device as claimed 1n claim 10, wherein the first pad
clectrodes and the second pad electrodes are arranged on
respective opposite sides of the central control circuit in a first
direction substantially perpendicular to the second direction.

12. The device as claimed 1n claim 10, wherein

the plurality of banks include a group of first banks
arranged on one side of the device 1n a first direction
substantially perpendicular to the second direction and a
group of second banks arranged on the other side of the
device 1n the first direction,

the device further includes:

a plurality of fifth data lines connecting the central con-
trol circuit to the group of first banks; and

a plurality of sixth data lines connecting the central
control circuit to the group of second banks, and

the central control circuit further imncludes a multiplexer
connecting either one of the fifth data lines and the sixth
data lines to the first data lines 1n accordance with the
address information.

13. The device as claimed 1n claim 1, further comprising a
plurality of memory banks supplying the first data bits to the
first data lines,

wherein the second data lines are shorter than the first data
lines.

14. The device as claimed 1n claim 8, wherein the second

data lines are shorter than the third data lines.

15. A device comprising:

a memory array outputting first read data;

a BOC circuit rearranging order of the first read data to
generate second read data;

a DBI circuit inverting one or ones of the second read data
in logic level 1n accordance with a predetermined rule to
generate third read data; and

a plurality of data mput/output terminals outputting the
third read data to outside.

16. The device as claimed 1n claim 15, wherein

each of the first, second and third read data include a
plurality of first bits to be sequentially outputted from
one of the mput/output terminals and a plurality of sec-
ond bits to be outputted 1n parallel from the data mnput/
output terminals,

the BOC circuit rearranges order of the first bits, and

the DBI circuit mverts one or ones of the second bits 1n
logic level.

17. The device as claimed 1n claim 135, further comprising

a DBI terminal,

wherein the DBI circuit generates DBI data indicating
whether the third read data are inverted, the DBI circuit
outputting the DBI data to the DBI terminal.

18. The device as claimed 1n claim 15, wherein

the second read data are divided ito a plurality of bit
group, each of the bit group 1s assigned to an associated
one of the data input/output terminals, and

the BOC circuit performs the rearranging order in the same
bit group.

19. The device as claimed 1n claim 17, wherein the DBI
circuit 1mverts all the read data to be simultaneously output
from the data input/output terminals 1n parallel depending on
whether a number of read data having a first logic level among
the read data to be simultaneously output from the data input/
output terminals 1n parallel 1s greater than a predetermined
value.
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20. A device comprising;

a burst order control circuit configured to receive a first data
signal and then a second data signal, each of the first and
second data signals including a plurality of bits, and
output the second data signal and then the first data 5
signal based on a control signal; and

an inversion control circuit configured to recerve the sec-
ond data signal and then the first data signal and output
the second data signal and then the first data signal, the
bits of one of the second and first data signals being 10
non-inverted based on a first information and the bits of
the other of the bits of the second and first data signal
being mverted based on a second information, the first
and second information being obtained from the respec-
tive bits of the second and first data signals, the firstand 15
second information being output from the iversion con-
trol circuit.
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